Breast scintigraphy today: indications and limitations
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Abstract. Breast carcinoma is the most common neo-
plasm found among women in the Western world. Mam-
mography (MM) is the most widely used diagnostic im-
aging method for screening and diagnosing breast can-
cer. However, despite technical improvements in recent
years, MM has known diagnostic limits; consequently
not all breast carcinomas are identified on mammo-
grams, especially if the breast is dense, there is a breast
prosthesis or the patient has previously undergone radia-
tion, surgery or biopsy. In addition, the mammographic
images of benign and malignant lesions can be similar.
Therefore, abnormalities detected on MM frequently re-
sult in negative biopsies. Scintimammography (SM) is
the functional imaging study of the breast using primari-
ly the radiopharmaceuticals 9mTc-sestamibi and 99mTc-
tetrofosmin. The main advantage of SM is that its func-
tional basis makes this technique a useful complement to
MM. SM resolves some of the main limitations of MM
as it is not affected by changes in breast morphology.
Several single-site and multi-centre studies have demon-
strated that SM has an improved specificity compared
with MM, because it is better able to distinguish malig-
nant from benign breast lesions. Interestingly, except in
smaller lesions, a higher sensitivity has been recorded
for SM than for MM in most of these studies as well.
Adjunctive use of SM when MM is equivocal can reduce
the number of unnecessary breast biopsies and identify
previously unexpected sites of breast cancer. SM appears
unaffected by the anatomical changes seen following
chemotherapy and radiotherapy, and so this technique
can be particularly useful in monitoring the treatment of
breast cancer patients, especially when breast-conserving
treatment is given. The main limitation to SM has been
the sub-optimal resolution of the standard Anger gamma
camera, which makes it difficult to detect lesions of less
than 10 mm; however, the development of high-resolu-
tion breast-dedicated gamma cameras may offer im-
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provements in this respect. This review will look at the
evidence for SM and show how it can become part of the
clinical care algorithm in breast cancer.
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Introduction

Breast cancer is the commonest form of cancer in wom-
en in most Western countries: in the United States in
2004 it is expected to account for 32% of all new cancer
cases among women and to be the second most frequent
cause of all female cancer deaths, after lung cancer [1].

Early diagnosis is of the utmost importance to improve
prognosis. Mammography (MM) is currently the best im-
aging modality for early detection of breast cancer, and the
results of several trials have demonstrated that mammogra-
phic screening can decrease the death rate due to breast
cancer [2, 3]. Nevertheless, this technique has some limita-
tions [4]: (a) not all breast cancers are evident on mammo-
grams, especially in dense or dysplastic breasts [5], and
even palpable cancer may not be seen mammographically
[6], (b) it lacks adequate specificity in differentiating be-
tween malignant and benign lesions [7, 8] and (c) deciding
which lesions require a biopsy on the basis of MM may re-
present a challenge to the breast radiologist [9].

Excisional biopsy is the most effective method to de-
termine the nature of breast abnormalities; however, the
high number of biopsies in patients with benign breast le-
sions is a result of the low positive predictive value (re-
ported to be as low as 15%) of MM [7]. Breast ultrasound
is widely used, but there are only a few valid indications
for this imaging technique, primarily involving the differ-
entiation between cystic and solid masses and the evalua-
tion of palpable lesions not visible on MM [10,11]. Ultra-
sound tends to be operator dependent but it can provide
useful additional information. It may, of course, be com-
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bined with biopsy. It is best used in combination with
MM and is not used alone as a screening tool.

One of the main aims of diagnostic research in breast
cancer has been to enable all cancers to be identified
while preserving high specificity so that the number of
unnecessary surgical procedures can be reduced. Among
the new imaging modalities, breast magnetic resonance
imaging (MRI) and nuclear medicine breast imaging
seem to be the most promising [5]. Both of these new
techniques have been investigated, primarily as an ad-
junctive method in addition to MM and breast ultrasound
rather than as primary investigations.

Radiopharmaceuticals

The ideal radiopharmaceutical for scintimammography
(SM) will show high tumour uptake which is cancer spe-
cific and minimal activity within the normal breast [12,
13]. Currently, the most widely used radiotracers for SM
are 99mTc-sestamibi and 99mTc-tetrofosmin, which are
small cationic complexes of technetium. Both these ra-
diopharmaceuticals were introduced for myocardial per-
fusion imaging, and then proposed as tumour-seeking
agents [14]. They both have significant dosimetric and
physical advantages over the more traditional radiophar-
maceuticals employed for tumour imaging, such as ¢’Ga
citrate and 20!TI chloride: patients can be imaged earlier,
they are available in a commercial kit form and they are
also particularly suitable for single-photon emission
computed tomography (SPECT).

99mTc-gestamibi uptake and retention in neoplastic
cells depends on several factors such as regional blood
flow, plasma and mitochondrial membrane potential, an-
giogenesis and tissue metabolism, with about 90% of
tracer activity being concentrated in the mitochondria
[15, 16, 17, 18]. Piwnica-Worms et al. [19] observed that
99mTc-gestamibi is a transport substrate for the P-glyco-
protein (Pgp), a 170-kDa plasma membrane protein en-
coded by the multi-drug resistance (MDR) gene. This
mechanism functions as an energy-dependent efflux
pump for many drugs that are lipophilic and cationic at
physiological pH. It has been suggested that the uptake
and retention mechanisms for 9mTc-tetrofosmin are sim-
ilar to those for 99mTc-sestamibi; however, Arbab et al.
[20] showed in tumour cell lines that tetrofosmin uptake
depends on both cell membrane and mitochondrial po-
tentials, with only a small fraction accumulating inside
the mitochondria. Ballinger [21] reported that 9°mTc-
tetrofosmin shares with 9mTc-sestamibi the property of
being a substrate for Pgp. Both radiopharmaceuticals
have also proved to be suitable transport substrates for
functional MDR-related protein 1, suggesting their po-
tential usefulness in detecting the in vivo presence of
multi-drug resistance in neoplasia, which can help in
predicting response to chemotherapy and in the selection
of proper management for patients [22].

Clinical results

The best results in SM have been achieved by imaging
patients in the prone instead of the supine position, as
proposed by Khalkhali et al. [23]. Lateral breast prone
images provide excellent separation of deep breast struc-
tures from the myocardium or the abdominal organs (in
particular the liver), which always show high uptake of
the radiopharmaceuticals that may mask overlying breast
activity. Moreover, prone imaging also allows evaluation
of deep breast tissue adjacent to the chest wall, resulting
in visualisation of more breast tissue and providing natu-
ral landmarks for breast contours. This is important for
lesion localisation, especially in the case of non-palpable
lesions which are only seen on SM. In the first series on
the use of prone SM, reported by Khalkhali et al. [23], 59
patients, in whom an abnormal mammogram and physical
examination warranted biopsy or fine-needle cytology of
the breast, were studied with prone lateral and supine an-
terior 9mTc-sestamibi imaging. In this group, the sensi-
tivity of 99mTc-sestamibi breast imaging was 95.8%, the
specificity 86.8%, the negative predictive value 97.1%
and the positive predictive value 82.1%. On the basis of
these results, the authors concluded that SM is a highly
sensitive test that is also able to improve upon the speci-
ficity of MM and is potentially useful in reducing the
number of mammographically indicated biopsies.

Numerous studies have been published since this first
report on the use of breast scintigraphy in the evaluation
of patients with suspected breast cancer. A recent meta-
analysis and review of the literature on the accuracy of
SM in the diagnosis of breast cancer was performed, in-
cluding a total of 64 individual studies published up until
December 1999 [24]. The articles considered in this re-
view reported data on 5,340 patients with a total of 5,354
breast lesions identified as malignant (n=3,024) or be-
nign (n=2,330) on the basis of fine-needle aspiration, ex-
cisional biopsy, core biopsy or mastectomy. The aggre-
gated overall summary estimates were: sensitivity
85.2%, specificity 86.6%, negative predictive value
81.8%, positive predictive value 88.2% and accuracy
85.9%. The majority (80%) of the studies reported sensi-
tivity and specificity values over 80%, with nearly half
of them yielding values over 90%.

These results have been confirmed by a recent multi-
centre prospective clinical trial evaluating the efficacy of
99mTc-sestamibi SM for the diagnosis of breast cancer
[25]. A total of 1,734 women underwent breast scintigra-
phy and, up until the end of the study, 1,243 patients had
complete data; histopathological findings demonstrated
malignancy in 201 of the cases. The sensitivity and spec-
ificity of SM were estimated at 93% and 87%, respec-
tively, with a diagnostic accuracy of 88%. Based on their
results, both the cited review and the multi-centre trial
concluded that SM is highly accurate for detecting breast
cancer and that it may be used effectively as an adjunct
to MM in the diagnosis of this disease.
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In a study using receiver-operating characteristic
curve analysis on 374 suspicious breast lesions in 353
patients, the combination of MM and SM produced more
accurate results than either modality alone [26]. There-
fore, when there is a doubt about the accuracy of MM,
scintigraphy is indicated as a second-line test in breast
imaging.

Sensitivity

It is of the utmost importance to emphasise that the sen-
sitivity of breast scintigraphy is strictly dependent on the
size of the studied lesions. A three-centre study includ-
ing 420 patients reported a sensitivity of 26%, 56%, 95%
and 97% for Tla, Tlb, Tlc and T2 breast cancers, re-
spectively [27]. In particular, sensitivity was significant-
ly higher for malignant lesions >1 cm (96% for Tlc and
T2 tumours) than for lesions <1 cm (46.5% for Tla and
T1b tumours) . Waxman et al. [28] showed that lesions
greater than 12 mm are detected in more than 92% of
cases, whereas smaller tumours are visualised in only
50% of cases. Similar results regarding sensitivity are
obtained when breast lesions are grouped into palpable
and non-palpable lesions, a lower sensitivity always be-
ing demonstrated for the latter [27, 29, 30], as confirmed
by the results of a multi-centre clinical trial involving
673 patients in 42 North American institutions [31]. In
this study, the institutional sensitivity for breast cancer
detection was 87% and 61% for palpable and non-palpa-
ble lesions, respectively. In their review, Liberman et al.
[24] reported a sensitivity of 87.8% for patients with a
palpable breast mass and 66.8% for patients without a
palpable lesion.

These findings suggest that studies in which patient
referral is biased towards larger lesions will reveal more
favourable sensitivities than studies in which the bias is
towards smaller lesions, and clearly indicate that SM
cannot be considered a screening procedure for breast
cancer detection. This bias may not be attributable to the
design of the study but may reflect different clinical
practices often related to when and how women seek
medical assistance for breast lumps and the use of local
or national breast cancer screening programmes. Howev-
er, there are also biological factors, such as tumour type,
which may determine the net radiotracer uptake in the
cancer [32]. Ductal cancers of the highest grade (grade
IIT) show the highest uptake of 99mTc-sestamibi while
lobular cancers show the lowest uptake or even no up-
take. In this way the uptake of 99mTc-sestamibi reflects
the aggressiveness of the tumour. The lesion site has to
be taken into account when using SM as there is some
evidence that lesions near the chest wall are less clearly
seen, especially with planar imaging [27].

Tumour size is also crucial for detecting ductal carci-
noma in situ (DCIS). In the North American multi-centre
trial, the sensitivity of SM in patients with DCIS was
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45.9%, in contrast to the 82% sensitivity for invasive
cancers [31]. More specifically, the sensitivity was
57.1% and 39.1% in patients with palpable and non-pal-
pable DCIS, respectively. In the series of Obwegeser et
al. [33], none of the four DCISs evaluated were visual-
ised by breast scintigraphy. However, in a systematic re-
view of more than 350 patients with suspected breast
cancer that included 15 patients with proven carcinoma
in situ, the sensitivity of SM in the latter group of pa-
tients was, at 80%, almost double that of MM (43%)
[34].

SPECT

The role of SPECT in increasing the sensitivity of planar
SM is still controversial. Various studies using SPECT
for primary breast cancer imaging have reached discor-
dant findings when comparisons have been made with
the results of planar scintigraphy. Although SPECT im-
aging provides better contrast resolution, it can be diffi-
cult to accurately localise the lesion in some cases; on
the contrary, prone images with planar lateral views pro-
vide natural landmarks for breast contours, which are
very important for lesion localisation [35].

It is interesting that the less satisfactory results were
reported in studies employing SPECT prone dependent-
breast imaging [36, 37]. Good quality SPECT images
can be obtained only with the patient in the supine posi-
tion and the arms elevated, because SPECT with patients
in the prone position is clearly limited by geometric con-
straints imposed by the patient, imaging table and gantry
[38]. However, one advantage of prone SPECT would be
easier comparison with MRI of the breast, which is per-
formed in the same position. The results of some studies
using supine SPECT are more encouraging; in particular,
in a recent paper including 93 patients with breast le-
sions <1 cm, supine SPECT gave a significantly higher
sensitivity than planar images in both T1b and non-pal-
pable breast cancers, without any decrease in specificity
[39].

Further studies in large series are required to finally
establish the value of SPECT SM in patients with small
breast lesions. Finally, from a technical point of view,
images should be reconstructed using iterative algo-
rithms instead of back-projection methods [40].

Dedicated breast gamma cameras

The problem of detecting small tumours is critical for the
future development and clinical acceptance of SM, given
that the other breast imaging modalities are increasingly
used for the early identification of small suspicious le-
sions. Currently, SM is usually performed with the stan-
dard Anger camera, which is limited by its relatively
poor intrinsic spatial resolution and by the sub-optimal
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detection geometry, because of the distance between the
detector and the imaged breast.

The use of new high-resolution dedicated cameras
built for breast imaging is expected to improve the detec-
tion of small lesions: these devices might be able to in-
crease spatial resolution without sacrifices in count sen-
sitivity and to eliminate the image-degrading effects of
high uptake in some nearby tissues, like the liver and the
myocardium [41]. These dedicated small field of view
(from 10x10 to 20x20 cm?) detectors add manoeuvrabil-
ity and allow greater flexibility in patient positioning,
with an increased number of available views. The patient
positions comparable with those of MM (craniocaudal
and true lateral) improve breast imaging, particularly in
the medial portion, and reduce image contamination
from other organs, by limiting the field of view to only
the breast. Moreover, using a breast-specific gamma
camera, patients can be imaged seated with the arms po-
sitioned comfortably, the detector can be placed directly
against the chest wall, so reducing the distance between
collimator and lesion, and breast compression is allowed,
increasing the target-to-background ratio and the sensi-
tivity of the device [42].

The first preliminary clinical data in a limited number
of patients indicate a higher sensitivity of these breast-
dedicated detectors compared with standard, large field
of view cameras, and suggest that in the future such de-
vices may be useful in routine practice [43].

Specificity

The specificity of SM is high for both palpable and non-
palpable lesions owing to the low number of false posi-
tive results, which are mainly due to focal areas of radio-
pharmaceutical uptake in local inflammation, fibroade-
nomas and fibrocystic changes. The most common
pathological feature among false positive findings is hy-
percellularity of the lesions. Gupta et al. [43] demonstra-
ted that 99mTc-sestamibi uptake in benign pathologies is
strongly correlated with the presence of proliferative
changes. Because it has been shown that patients with
hyperproliferative breast disease have a higher relative
risk for development of cancer than those with non-pro-
liferative benign breast disease, Waxman speculates that
the false positive scintimammographic results may re-
flect a pre-malignant potential. In particular, patients
with atypical hyperplasia show a higher incidence of
positive scintigraphic findings [38]. Nevertheless, a neg-
ative SM in patients with palpable lesions or lesions
sized >1 cm significantly reduces the probability of pro-
liferative breast disease.

To improve the specificity of breast scintigraphy in
differentiating malignant from benign lesions, semi-
quantitative analysis with calculation of the count ratio
of the target lesion to the contralateral normal area has
been proposed. However, discordant results have been

reported, because many benign abnormalities exhibit ra-
tios similar to those of malignant ones [44].

Moreover, the phase of the menstrual cycle in which
SM is performed also has to be taken into account in or-
der to improve the specificity of the method in pre-
menopausal women. In fact, we have noticed significant
differences in the tracer uptake pattern in the breast in
the same patients evaluated in different phases of the cy-
cle (personal observations), with less uptake in the mid-
menstrual cycle period. A preliminary study by Horne et
al. indicated that SM is more specific if performed be-
tween 10 and 15 days following the last day of the men-
strual cycle [45], but further evaluation is required to de-
fine the best time for imaging. It may be that the best
way to deal with this matter would be to note the part of
the menstrual cycle in which the imaging has taken place
and to supply this information to the physician reading
the images.

It is also to be noted that when Khalkhali et al. [31]
compared patients younger or older than 50 years, a
higher specificity of SM in the older population with pal-
pable masses was found despite a comparable sensitivity.
Other studies, however, have shown a much better sensi-
tivity of SM in younger women when compared with
MM, presumably due to the higher prevalence of high-
grade ductal carcinomas in this age group, which display
the highest uptake of 9mTc-sestamibi but often present
without calcification [46].

Clinical indications

Who is a candidate for SM? Breast scintigraphy is not a
screening tool for breast cancer; however, after a physi-
cal breast examination, MM and ultrasound have been
performed, SM may be appropriate for certain patients
and may help in determining whether or not a patient has
a suspicious breast lesion that requires a biopsy, so de-
creasing the number of negative breast biopsies. The ap-
propriate clinical indications for SM are listed in Table 1.

Table 1. Clinical indications for SM

Equivocal mammograms

Dense breast

Palpable abnormalities that cannot be imaged well
with mammography

Axillary lymph node metastases of an adenocarcinoma
of unknown primary origin

Breast implants

Parenchymal distortions of the breast

Doubtful microcalcifications

Assessment of multicentric disease

Breast iatrogenic architectural distortion

Suspected recurrent breast cancer

Monitoring the response to neoadjuvant chemotherapy
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The groups of patients who would benefit most from SM
are discussed below.

Patients with equivocal mammograms

Prats et al. [47] submitted 90 patients to breast scintigra-
phy after classifying their mammograms as having a low,
indeterminate or high probability of malignancy. SM was
positive in all cancers with a low and indeterminate
mammographic suspicion of malignancy and in 83.3% of
the highly suspicious cancers; specificity was 84.2%,
77.8% and 70% in the three groups, respectively. Based
on these findings, the authors proposed a protocol with
biopsy performed only on highly suspicious abnormali-
ties and on those with low or indeterminate suspicion
that are positive on breast scintigraphy or are smaller
than 1 cm. This approach would have resulted in a 34%
reduction in the total number of biopsies performed and
in a 65% reduction in the number of biopsies performed
in the groups with low or indeterminate suspicion.

The usefulness of SM in evaluating patients with low
or indeterminate likelihood of cancer at MM has been
confirmed by a prospective study including 75 patients
with minimal mammographic or physical examination
findings [48]. The overall sensitivity and specificity of
breast scintigraphy in this series were 90% and 93.8%,
respectively, suggesting that SM is useful both in the
early detection of breast cancer and in decreasing the
number of unnecessary biopsies.

Sampalis et al. [25] classified MM according to the
American College of Radiology (ACR) Breast Imaging
Reporting and Data System (BI-RADS), which provides
a standardised reporting system for MM [49]. On the ba-
sis of the level of suspicion, mammographically detected
lesions were placed into one of five assessment cate-
gories (Table 2). Of the 696 BI-RADS 1 and 2 mammo-
grams, SM accurately identified 77% of true positive and
88% of true negative lesions for malignancy, and falsely
detected 2.3% of benign lesions as positive and 23% of
malignant ones as negative. Among the 348 BI-RADS 3
and 4 mammograms, breast scintigraphy correctly diag-
nosed 88% of true positive and 91% of true negative le-

Table 2. BI-RADS final assessment categories

Category  Assessment Description

1 Negative Nothing to comment on

2 Benign findings A benign finding described

3 Probably benign Short-term follow-up
findings recommended

4 Suspicious abnormality Biopsy should be urged

5 Highly suggestive Appropriate action should

of malignancy be taken

From the American College of Radiology [49]
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sions for malignancy, and falsely detected 8.8% of be-
nign abnormalities as positive and 12.2% of malignant
lesions as negative. In the 199 BI-RADS 5 lesions, SM
accurately detected 98% of true positive and 67% of true
negative abnormalities for malignancy, and falsely de-
tected 33% of benign lesions as positive and 2% of ma-
lignant lesions as negative. The highest accuracy of SM
(i.e. 90.5%) was achieved in the group of BI-RADS 3
and 4 mammograms, including probably benign and sus-
pected breast lesions. These results in a very large study
population with a low prevalence of breast cancer (13%)
indicate that positive scintigraphy significantly increases
the capacity to predict the presence of malignant disease.
Moreover, the implementation of SM as an adjunctive
diagnostic tool could reduce both the number of unnec-
essary biopsies (a reduction of 62.1%) and the number of
missed cancers (a reduction of 86%).

Patients with dense breasts

Radiographically dense breast tissue accounts for a large
percentage of the cases of mammographically “missed”
cancers [5]. In particular, breast cancers presenting as
masses without spiculations or calcifications can be
missed in dense breasts [50]. About 25% of women have
dense breasts, but this figure may increase if there is an
increase in the number of postmenopausal women re-
ceiving hormone replacement therapy. Also, as more
younger women are included in screening protocols,
there will be more mammographically indistinct lesions
requiring further investigation. Moreover, women with
dense breasts are also at increased risk for cancer be-
cause in a dense breast there is more glandular tissue and
so more cells with the potential for malignant transfor-
mation [48]. SM can play a clinical role in this kind of
patient because the uptake of both 9mTc-sestamibi and
99mTe-tetrofosmin is independent of the presence of
dense breast tissue on MM [13, 51] (Fig. 1).

In a group of 67 patients with a suspicious palpable
breast lesion but indeterminate MM due to extremely
dense breast tissue (grade IV according to the ACR clas-
sification), 99mTc-sestamibi imaging showed a sensitivity
of 93.5%, a specificity of 91.7% and a diagnostic accura-
cy of 92.5% [52]. Similar results were reported by
Cutrone et al. [53] in patients with palpable breast mass-
es that could not be adequately evaluated by MM due to
radiographically dense tissue. MM yielded a sensitivity,
specificity and accuracy of 73.9%, 53.3% and 63.2%, re-
spectively, whereas SM showed a sensitivity of 95.6%, a
specificity of 91.1% and an accuracy of 92.6%.

The accuracy of 99mTc-sestamibi breast imaging as an
adjunct to MM and physical examination in detecting
breast cancer in patients with dense and patients with fat-
ty breasts has been evaluated in a prospective multi-cen-
tre study [54]. Of the 558 women enrolled, 47% had
dense breasts according to the ACR criteria. The overall
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Fig. 1. A 44-year-old patient
with very dense breast tissue in
the right breast. Little can be
seen on MM (left-hand image);
however, SM (right-hand im-
age) clearly reveals a 25-mm
ductal carcinoma with two ad-
jacent sites of DCIS. (Note that
the transmission mammogram
points in the opposite direction
to the emission SM images)

results showed that the accuracy of SM in visualising
breast cancer was similar for fatty and dense breasts.
This finding confirms that the accuracy of breast scintig-
raphy is not affected by breast density and that the sensi-
tivity of SM in dense breasts appears to be higher than
that of MM. Moreover, this study indicated that in wom-
en with dense breasts, a palpable mass and a negative
mammogram, positive SM increases the probability of
cancer from 15.6% before the nuclear medicine test to
37.5% after, whereas negative SM decreases the proba-
bility of cancer from 15.6% to 6.9%. In patients with
dense breasts, a palpable mass and a positive mammo-
gram, negative SM decreases the probability of cancer
from 60.4% to 31.2%, whereas positive SM increases the
probability of cancer to 78%.

In conclusion, in patients with a palpable mass that is
not detected by MM due to dense breast tissue, SM is ap-
propriate because of its high sensitivity in patients with
palpable lesions.

Patients with palpable abnormalities
that cannot be imaged well with MM

It is possible that a palpable mass is difficult to study
with MM, in particular in patients with lumpy breasts or
fibrocystic changes. Glandular lumpy breasts with dif-
fuse areas of increased and decreased density and fibro-
cystic breasts, where it is difficult to determine the exact
reason for highlighted abnormalities, may often result in
equivocal or not diagnostic MM. These patients are can-
didates for a breast biopsy or for follow-up. Considering
the very high accuracy of breast scintigraphy in evaluat-
ing palpable breast masses, this examination could be
performed just after MM. The inclusion of SM in the
work-up of these patients would reduce their anxiety
during the follow-up period (usually 6 months) and
would be useful especially in patients reluctant to under-
go biopsy or when this procedure is relatively con-

traindicated [38]. Therefore, due to its higher specificity,
SM rather than contrast-enhanced MRI may be suitable
to further assess patients with indeterminate mammo-
grams and to reduce the number of biopsies in benign
disease [55].

Patients with axillary lymph node metastases
of an adenocarcinoma of unknown primary origin

Breast cancer can manifest as isolated axillary node me-
tastases, with negative MM and ultrasound (the so-called
TxNT1 tumours), and therefore without evidence of a pri-
mary tumour in the breast. In these patients, the frequen-
cy of finding an occult breast cancer at MM is low. SM
may be useful in this subset of population to detect the
possible primary tumour within the breast. However, fur-
ther study is needed to support this clinical indication for
breast scintigraphy. In particular, a comparison with MRI
in the same group of patients would be of value, given
that MRI may be helpful in this application [56].

Patients with breast implants

At MM, large portions of breast tissue can be obscured
in patients with breast implants even when special com-
pression techniques are employed. SM is not affected by
the attenuation from the implant and can visualise any
lesion within the breast tissue, and so can be useful when
MM is not feasible or non-diagnostic (Fig. 2). A compar-
ison with MRI in this group of patients would be very in-
teresting, considering the diagnostic role of this tech-
nique in evaluating breast lesions overlying implants
[57], though there is little evidence that MRI is very spe-
cific in these cases owing to the architectural distortion
of the breast around the prosthesis.
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Fig. 2. Tomographic sagittal image showing a small focal area of
99mTc-sestamibi on the outside edge of a cosmetic breast prosthe-
sis in a 32-year-old female. Excision confirmed a 15-mm ductal
carcinoma

Patients with parenchymal distortions of the breast

In patients with focal architectural distortion, asymmetri-
cal breasts or ductal asymmetry, especially if they are at
high risk for breast cancer, SM may have an advantage
over MM because the diagnostic accuracy of scintigra-
phy is independent of structural characteristics and the
anatomical appearances of breast tissue [38]. In particu-
lar, in those women with radial scars both MM and ultra-
sound can be of limited use.

Fig. 3a—d. Craniocaudal view
MM (a) of the right breast
showing increased density and
widespread microcalcifications
but no abnormality at the site
of a palpable lesion. Planar
prone lateral SM (b) shows a
single area of focal uptake at
the site of a 22-mm ductal car-
cinoma, confirmed by biopsy.
The patient also underwent
SPECT imaging (c), and focal
uptake was seen in the left axil-
la; this was reported but not
biopsied. The patient had a
right mastectomy and right ax-
illary clearance. Follow-up
MRI performed 6 months later
(d) shows an abnormal left ax-
illary lymph node (marked
“X”). This was removed and
found also to contain ductal
breast cancer
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Patients with doubtful microcalcifications

The BI-RADS classification of breast microcalcifica-
tions includes clusters of tiny calcifications, all round or
oval (category 3, probably benign lesions), granular mi-
crocalcifications (category 4, lesions with low-to-inter-
mediate suspicion), and heterogeneous, pleomorphic,
branching or casting calcifications (category 5, lesions
highly suspect for malignancy). Although microcalcifi-
cations are sometimes the only sign of the presence of
cancer, the majority of them are benign; therefore, an ex-
amination able to accurately differentiate benign from
malignant lesions, especially in category 4, would avoid
many unnecessary biopsies.

The accuracy of breast scintigraphy in distinguishing
between benign and malignant isolated clusters of micro-
calcifications has been evaluated in a series of 97 pa-
tients [58]. Based on the level of suspicion of malignan-
cy, the results of MM, SM and the combination MM-SM
were divided into five groups: 74% of lesions with high
scintigraphic suspicion of malignancy and only 9% with
a low suspicion proved malignant. These findings sug-
gest that SM contributes in enhancing the diagnostic ca-
pability of MM and, in combination with MM, may play
a role in characterising isolated clusters of microcalcifi-
cations in the breast (Fig. 3). If properly used, breast
scintigraphy seems able, in selected cases, to help breast
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Fig. 4. Composite MRI image
(left-hand image) performed af-
ter gadolinium contrast show-
ing the same multicentric tu-
mour in the left breast as re-
vealed on #mTc-sestamibi SM
(right-hand image)

care radiologists in choosing follow-up imaging rather
than submitting patients to repeat biopsy.

Assessment of multicentric disease

Accurate determination of the extent of breast cancer is
of the utmost importance in choosing the best surgical
treatment. The ability to identify the presence of multi-
centric disease preoperatively would assist in selecting
the appropriate candidates for breast-conserving surgery,
because mastectomy is indicated if there is multicentrici-
ty.

Like breast MRI, nuclear medicine may also be help-
ful in determining whether multiple breast tumours are
present. In fact, of those patients clinically and mammo-
graphically suspected of having unifocal carcinoma, up
to 63% will have an additional malignant focus in the ip-
silateral breast after detailed serial sectioning of the mas-
tectomy specimen. It has been shown that SM will iden-
tify nearly three times the number of multifocal tumours
than MM and ultrasound alone [59]. Although the over-
all sensitivity of breast scintigraphy in detecting breast
cancer is superior to that of physical examination and
MM in identifying multicentric disease, it may be of lim-
ited value in identifying additional small tumours [60].
MRI may also be useful in detecting multifocal disease
[61] but the exact roles of SM and MRI need to be eluci-
dated by further research (Fig. 4).

Patients with breast iatrogenic architectural distortion

MM is less accurate in evaluating breasts that have been
previously submitted to surgery, biopsy, radiation thera-
py or chemotherapy. Patients who have a scar within the
breast due to these iatrogenic interventions are often dif-
ficult to study with MM, whereas a functional imaging
technique such as breast scintigraphy is not affected by

these morphological changes. The only consistent series
looking at recurrence within the breasts have shown that
either alone or in combination with MM, 99mTc¢-sestamibi
SM is able to detect almost twice as many intra-breast
recurrences than when MM and ultrasound alone are re-
lied upon [62, 63]. In addition, other loco-regional dis-
ease outside of the breast, such as the lymph nodes, may
also be seen. Based on these results, the accuracy of SM
in the assessment of patients with suspected recurrent
breast cancer is similar to that observed in patients with
primary tumour. Recently, 9mTc-tetrofosmin scintigra-
phy, in particular using SPECT imaging, has also been
demonstrated to be useful in the follow-up of surgically
treated breast cancer patients for the detection of both
loco-regional and distant recurrences [64]. Therefore,
breast scintigraphy is an accurate non-invasive method
to differentiate recurrent disease from fibrosis and scar-
ring in patients previously submitted to surgery with or
without radiotherapy; it can play a complementary role
to conventional imaging procedures in this subset of pa-
tients. This is especially important in view of the fact
that all techniques relying on anatomical imaging of the
breast, including MRI, have poor accuracy in the post-
treatment breast; therefore SM may be the only imaging
method able to detect recurrent breast cancer.

Monitoring the response to neoadjuvant chemotherapy

SM can also be effective in monitoring the response to
neoadjuvant chemotherapy in patients with locally ad-
vanced breast cancer. In a series of patients in whom
99mTc-sestamibi scans were performed before and after
neoadjuvant chemotherapy, using a simple region of in-
terest method, it was possible to compare activity before
and after the last cycle of cytotoxic chemotherapy. There
was a reduction in activity in all patients after chemo-
therapy but an additional drop was seen in those in
whom there was a histological response [65, 66]. More-
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over, scintigraphic changes were a better predictor of the
final histological response than MM or clinical examina-
tion. In particular, scintigraphy was clearly superior to
MM in assessing patients with positive responses to neo-
adjuvant chemotherapy [67].

Mankoff et al. [68] used paired 9°mTc-sestamibi imag-
ing before the first chemotherapy cycle and after the first
or second cycle to predict the final result at the end of
the treatment. This is important in breast cancer, as the
rate of response to neo-adjuvant chemotherapy in locally
advanced disease is about 40%: therefore in 60% such
treatment will not only risk potential side-effects but also
do so without yielding any benefit. The patients would
also have to wait for definitive and possibly curative sur-
gery to be delayed until the end of the chemotherapy. Af-
ter 2 months the mean change in radiopharmaceutical
uptake in the aforementioned study was —35% in patients
with a final histological response compared with a mean
increase of 17% in those who did not respond to therapy.
When a complete pathological response was obtained,
the mean drop in %°MTc-sestamibi activity was 58%;
moreover, a decrease of 240% in tracer activity after the
second cycle allowed the identification of all patients
with a complete response. It was more difficult to predict
patients with a partial response, probably due to the
small number of cases evaluated.

These findings have been confirmed in a recent paper:
patients with locally advanced and inflammatory breast
cancer were submitted to a scintigraphy protocol includ-
ing two studies before and after neo-adjuvant chemother-
apy. SM proved accurate in predicting tumour presence
or absence after treatment, and useful for the in vivo de-
tection of intrinsic and acquired chemo-resistant breast
cancers, which is a very important factor for planning
the best therapeutic option [69].

Cost-effectiveness

The cost-effectiveness of SM has been extensively anal-
ysed in an article by Allen et al. [70], based on Medicare
reimbursement values and quantitative methods of deci-
sion analysis [71]. Decision-tree models were construct-
ed to account for differences in competing strategies for
breast cancer diagnosis (MM alone or SM and MM). The
use of the strategy including SM after MM proved cost-
effective over a wide range; the cost saving came at the
expense of a small reduction in life expectancy. In partic-
ular, performing SM significantly lowered the number of
breast biopsies in healthy patients. Therefore, these find-
ings quantitatively verify the usefulness of SM in min-
imising unnecessary biopsies.

543

Conclusion

MM remains the first imaging modality for the early de-
tection of breast cancer. SM is a useful adjunct to non-di-
agnostic MM in specific clinical applications. It can im-
prove patient selection for breast biopsy and reduce the
number of negative biopsies due its capability to differ-
entiate benign from malignant lesions. The main advan-
tage of SM is its functional basis. Because of this, radio-
pharmaceutical uptake is unrelated to both breast tissue
density and the presence of scar tissue or implants; ac-
cordingly, the sensitivity of breast imaging is increased
in these patients, in whom diagnostic imaging is diffi-
cult. The main limitation of SM is the sub-optimal sensi-
tivity for lesions sized less than 1 cm; however, the de-
velopment or dedicated high-resolution breast-specific
cameras will improve the detection of smaller breast can-
cers.

References

1. Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004.
CA Cancer J Clin 2004; 54:8-29.

2. Daniel B. Kopans DB. Mammography screening is saving
thousands of lives, but will it survive medical malpractice?
Radiology 2004; 230:20-24.

3. Tabar LK, Vitak B, Chen HHT, Yen MF, Duffy SW, Smith
RA. Beyond randomized controlled trials: organized mam-
mographic screening substantially reduces breast cancer mor-
tality. Cancer 2001; 91:1724-1731.

4. Berlin L. The missed breast cancer redux: time for educating
the public about the limitations of mammography? AJR 2001;
176:1131-1134.

5. Birdwell RL, Ikeda DM, O’Shaughnessy KF, Sickles EA.
Mammographic characteristics of 115 missed cancers later
detected with screening mammography and the potential utili-
ty of computer-aided detection. Radiology 2001; 219:192—
202.

6. Holland R, Jan HC, Hendricks L, Mravunac M. Mammo-
graphically occult breast cancers: a pathological and radiolog-
ic study. Cancer 1983; 52:1810-1819.

7. Kopans D. The positive predictive value of mammography.
AJR 1992; 158:521-526.

8. Monusturi Z, Herman PG, Carmody DP, et al. Limitations in
distinguishing malignant from benign lesions of the breast by
systematic review of mammograms. Surg Gynecol Obstet
1991; 173:438-442.

9. Adler DD, Wahl RL. New methods for imaging the breast:
techniques, findings and potential. AJR 1995; 164:19-30.

10. Jackson VP. The role of US in breast imaging. Radiology
1990; 177:305-311.

11. Kopans DB. Sonography should not be used for breast cancer
screening until its efficacy has been proven scientifically. AJR
2004; 182:489-491.

12. Buscombe JR, Cwikla JB, Thakrar DS, Hilson AJ. Scinti-
graphic imaging of breast cancer: a review. Nucl Med Com-
mun 1997; 18:698-7009.

13. Schillaci O, Scopinaro F. Tc-99m sestamibi scintimammogra-
phy: where is it now? Cancer Biother Radiopharm 1999;
14:417-422.

European Journal of Nuclear Medicine and Molecular Imaging Vol. 31, Supplement 1, June 2004



S44
14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Schomacker K, Schicha H. Use of myocardial imaging agents
for tumour diagnosis—a success story? Eur J Nucl Med 2000;
27:1845-1863.

Carvalho PA, Chiu ML, Kronauge JF, et al. Subcellular distri-
bution and analysis of Tc-99m MIBI in isolated perfused rat
hearts. J Nucl Med 1992; 33:1516-1521.

Delmon-Mongeon LI, Piwinica-Worms D, Van der Abbeele
AD, et al. Uptake of the cation hexakis (2-methoxyisobutyl-
isonitrile)-technetium-99m by human carcinoma cell lines in
vitro. Cancer Res 1990; 50:2198-2202.

Maublant J, Zhang Z, Rapp M, et al. In vitro uptake of techne-
tium-99m-teboroxime in carcinoma cell lines and normal
cells: comparison with technetium-99m-sestamibi and thalli-
um-201. J Nucl Med 1993; 34:1949-1952.

. Scopinaro F, Schillaci O, Scarpini M, et al. Technetium-99m

sestamibi: an indicator of breast cancer invasiveness. Eur J
Nucl Med 1994; 21:984-987.

Pwnica-Worms D, Chiu ML, Budding M, et al. Functional im-
aging of multidrug-resistant P-glycoprotein with an organ-
otechnetium complex. Cancer Res 1993; 53:977-984.

Arbab AS, Koizumi K, Toyama K, Araki T. Uptake of
technetium-99m-tetrofosmin, technetium-99m-MIBI  and
thallium-201 in tumor cell lines. J Nucl Med 1996; 37:1551-
1556.

Ballinger JR. 99mTc-tetrofosmin for functional imaging of
P-glycoprotein modulation in vivo. J Clin Pharmacol 2001;
Suppl: 39S-478S.

Van de Wiele C, Rottey S, Goethals I, et al. 9mTc sestamibi
and %mTc tetrofosmin scintigraphy for predicting resistance to
chemotherapy: a critical review of clinical data. Nucl Med
Commun 2003; 24:945-950.

Khalkhali I, Mena I, Jouanne E, et al. Prone scintimammogra-
phy in patients with suspicion of carcinoma of the breast.
J Am Coll Surg 1994; 178:491-497.

Liberman M, Sampalis F, Mulder DS, Sampalis JS. Breast
cancer diagnosis by scintimammography: a meta-analysis and
review of the literature. Breast Cancer Res Treat 2003;
80:115-126.

Sampalis FS, Denis R, Picard D, et al. International prospec-
tive evaluation of scintimammography with (99m)technetium
sestamibi. Am J Surg 2003; 185:544-549.

Buscombe JR, Cwikla JB, Holloway B, Hilson AJ. Prediction
of the usefulness of combined mammography and scintimam-
mography in suspected primary breast cancer using ROC
curves. J Nucl Med 2001; 42:3-8.

Scopinaro F, Schillaci O, Ussof W, et al. A three center study
on the diagnostic accuracy of 9°mTc-MIBI scintimammogra-
phy. Anticancer Res 1997; 17:1631-1634.

Waxman A, Nagaraj N, Kovalevsky M, et al. Detection of pri-
mary breast malignancy with Tc-99m methoxyisobutylisoni-
trile in patients with non-palpable primary malignancies: the
importance of lesion size [abstract]. J Nucl Med 1995; 36:
194P.

Mekhmandarov S, Sandbank J, Coehn M, Lelcuk S, Lubin E.
Technetium-99m-MIBI scintimammography in palpable and
nonpalpable breast lesions. J Nucl Med 1998; 39:86-91.
Tolmos J, Cutrone JA, Wang B, et al. Scintimammographic
analysis of nonpalpable breast lesions previously identified by
conventional mammography. J Natl Cancer Inst 1998; 90:
846-849.

Khalkhali I, Villanueva-Meyer J, Edell SL, et al. Diagnostic
accuracy of 99mTc-sestamibi breast imaging: multicenter trial
results. J Nucl Med 2000; 41:1973-1979.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48

49.

Buscombe JR, Cwikla JB, Thakrar DS, Hilson AJ. Uptake of
Tc-99m MIBI related to tumour size and type. Anticancer Res
1997; 17:1693-1694.

Obwegeser R, Berghammer P, Rodrigues M, et al. A head-to-
head comparison between technetium-99m-tetrofosmin and
technetium-99m-MIBI scintigraphy to evaluate suspicious
breast lesions. Eur J Nucl Med 1999; 26:1553-1559.

Cwikla JB, Buscombe JR, Hilson AJ. Detection of DCIS us-
ing®mTc-MIBI scintimammography in patients with suspected
primary breast cancer, comparison with conventional mam-
mography. Nucl Med Rev Cent East Eur 2000; 3:41-45.
Schillaci O, Scopinaro F, Danieli R, et al. 9Tcm-sestamibi
scintimammography in patients with suspicious breast lesions:
comparison of SPET and planar images in the detection of pri-
mary tumours and axillary lymph node involvement. Nucl
Med Commun 1997; 18:839-845.

Tiling R, Tatsch K, Sommer H, et al. Technetium-99m-sestam-
ibi scintimammography for the detection of breast carcinoma:
comparison between planar and SPECT imaging. J Nucl Med
1998; 39:849-856.

Buscombe JR, Cwikla JB, Thakrar DS, Parbhoo SP, Hilson
AJ. Prone SPET scintimammography. Nucl Med Commun
1999; 20:237-245.

Waxman AD. The role of 9mTc methoxyisobutylisonitrile in
imaging breast cancer. Semin Nucl Med 1997; 27:40-54.
Spanu A, Schillaci O, Meloni GB, et al. The usefulness of
99mTc-tetrofosmin SPECT scintimammography in the detec-
tion of small size primary breast carcinomas. Int J Oncol 2002;
21:831-840.

Garin E, Devillers A, Girault S, et al. Scintimammography:
better detection of small-sized lesions with tomoscintigraphic
than planar images, a phantom study. Nucl Med Commun
2001; 22:1045-1054.

Mankoff DA, Dunnwald LK, Kinahan P. Are we ready for
dedicated breast imaging approaches? J Nucl Med 2003;
44:594-595.

Brem RF, Schoonjans JM, Kieper DA, Majewski S, Goodman
S, Civelek C. High-resolution scintimammography: a pilot
study. J Nucl Med 2002; 43:909-915.

Gupta P, Waxman A, Nguyen K, et al. Correlation of Tc-99m
sestamibi uptake with histopathologic characteristics in pa-
tients with breast diseases [abstract]. J Nucl Med 1996;
37:250P.

Khalkhali I, Vargas HI. The role of nuclear medicine in breast
cancer detection: functional breast imaging. Radiol Clin North
Am 2001; 39:1053-1068.

Horne T, Pappo I, Cohenpour M, Mindlin L, Orda R. %Tcm-
MIBI scintimammography for the detection of breast malig-
nancies: the contribution of the count ratio to specificity. Nucl
Med Commun 1999; 20:511-516.

Buscombe JR, Kolasinska AD Cwikla JB Hilson,A.J.W. Does
combining scintimammography and mammography in the pri-
mary breast cancers than mammography alone in the under-
and over 50s? [abstract]. J Nucl Med 2002; 43:75P.

Prats E, Aisa F, Abos MD, et al. Mammography and 99mTc-
MIBI scintimammography in suspected breast cancer. J Nucl
Med 1999; 40:296-301.

. Polan RL, Klein BD, Richman RH. Scintimammography in

patients with minimal mammographic or clinical findings. Ra-
diographics 2001; 21:641-653.

American College of Radiology. Breast imaging reporting and
data system (BI-RADS), 2nd edn. Reston, Va: American Col-
lege of Radiology, 1995.

European Journal of Nuclear Medicine and Molecular Imaging Vol. 31, Supplement 1, June 2004



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Thurfjell E. Breast density and the risk of breast cancer. N
Engl J Med 2002; 347:866.

Schillaci O, Scopinaro F, Danieli R, et al. Scintimammography
with technetium-99m tetrofosmin in suspected breast cancer.
Anticancer Res 1997; 17:1623-1626.

Schillaci O, Di Luzio E, Porfiri LM, et al. Role of Tc-99m ses-
tamibi scintimammography in patients with indeterminate
mammography due to dense breasts [abstract]. Eur J Nucl Med
1999; 26:986.

Cutrone JA, Khalkhali I, Yospur LS, et al. Tc-99m sestamibi
scintimammography for the evaluation of breast masses in pa-
tients with radiographically dense breasts. Breast J 1999; 5:
383-388.

Khalkhali I, Baum JK, Villanueva-Meyer J, et al. 9mTc ses-
tamibi breast imaging for the examination of patients with
dense and fatty breasts: multicenter study. Radiology 2002;
222:149-155.

Tiling R, Khalkhali I, Sommer H, et al. Role of technetium-
99m sestamibi scintimammography and contrast-enhanced
magnetic resonance imaging for the evaluation of indetermi-
nate mammograms. Eur J Nucl Med 1997; 24:1221-1229.
Orel SG, Schnall MD. MR imaging of the breast for the detec-
tion, diagnosis, and staging of breast cancer. Radiology 2001;
220:13-30.

McMahon KE, Osborne DR, Davidson AL. Role of breast
magnetic resonance imaging in difficult diagnostic situations.
Med J Aust 2001; 175:494-497.

Marini C, Cilotti A, Traino AC, et al. Tc 99m-sestamibi scinti-
mammography in the differentiation of benign and malignant
breast microcalcifications. Breast 2001; 10:306-312.

Cwikla JB, Buscombe JR, Holloway B, et al. Can scintimam-
mography with 9mTc-MIBI identify multifocal and multicen-
tric primary breast cancer? Nucl Med Commun 2001;
22:1287-1293.

Vargas HI, Agbunag RV, Kalinowski A, et al. The clinical util-
ity of Tc-99m sestamibi scintimammography in detecting mul-
ticentric breast cancer. Am Surg 2001; 67:1204—1208.

Tillman GF, Orel SG, Schnall MD, Schultz DJ, Tan JE, Solin
LJ. Effect of breast magnetic resonance imaging on the clini-

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

S45

cal management of women with early-stage breast carcinoma.
J Clin Oncol 2002; 20:3413-3423.

Cwikla JB, Kolasinska A, Buscombe JR, Hilson AJ. Tc-99m
MIBI in suspected recurrent breast cancer. Cancer Biother
Radiopharm 2000; 15:367-372.

Yildiz A, Garipagaoglu M, Gungor F, Boz A, Dalmaz G. The
role of technetium-99m methoxyisobutyl isonitrile scintigra-
phy in suspected recurrent breast cancer. Cancer Biother Ra-
diopharm 2001; 16:163-169.

Spanu A, Farris A, Schillaci O, et al. The usefulness of 9mTc
tetrofosmin scintigraphy in patients with breast cancer recur-
rences. Nucl Med Commun 2003; 24:145-154.

Cwikla JB,Buscombe JR,Barlow RV, et al. The effect of che-
motherapy on the uptake of technetium-99m sestamibi in
breast cancer. Eur J Nucl Med 1997; 24:1175-1178.

Takamura Y, Miyoshi Y, Taguchi T, Noguchi S. Prediction of
chemotherapeutic response by technetium 99m-MIBI scintig-
raphy in breast carcinoma patients. Cancer 2001; 92:232—
239.

Maini CL, Tofani A, Sciuto R, et al. Technetium-99m-MIBI
scintigraphy in the assessment of neoadjuvant chemotherapy
in breast carcinoma. J Nucl Med 1997; 38:1546-1551.
Mankoff DA, Dunnwald LK, Gralow JR, Ellis GK, Drucker
MIJ, Livingston RB. Monitoring the response of patients with
locally advanced breast carcinoma to neoadjuvant chemothera-
py using [technetium 99m]-sestamibi scintimammography.
Cancer 1999; 85:2410-2423.

Mezi S, Primi F, Capoccetti F, Scopinaro F, Modesti M,
Schillaci O. In vivo detection of resistance to anthracycline
based neoadjuvant chemotherapy in locally advanced and in-
flammatory breast cancer with technetium-99m sestamibi scin-
timammography. Int J Oncol 2003; 22:1233-1240.

Allen MW, Hendi P, Schwimmer J, Basset L, Gambhir SS. De-
cision analysis for the cost-effectiveness of sestamibi scinti-
mammography in minimizing unnecessary biopsies. Q J Nucl
Med 2000; 44:168-185.

Luce BR, Simpson K. Methods of cost-effectiveness analysis:
areas of consensus and debate. Clin Ther 1995; 17:109-
125.

European Journal of Nuclear Medicine and Molecular Imaging Vol. 31, Supplement 1, June 2004



